It has been reported that most of Helicobacter pylori proteome components appear so crowded in the region of pH 4.5~8.0 that a lot of them were inseparable in 2-DE using the broad range IPG strip. Therefore, inseparable protein spots in 2-DE profiles have to be apart from each other for improving the protein identification. Here, we attempt to examine the usability of the narrow range IPG strips for separating close spots in the broad range IPG strip at proteomic analysis of H. pylori. The whole cell proteins of H. pylori strain 26695 were separated by narrow range IPG strips (pI 3.9~5.1, 4.7~5.9, 5.5~6.7, and 6.3~8.3, respectively), followed by SDS-PAGE, and visualized by silver staining, showing that the distances between spots were widened and the total number of detectable spots was increased. Resolved protein spots were identified by the peptide fingerprinting using MALDI-TOF-MS. As a result, 87 expressed proteins were identified by the peptide fingerprinting. Of them, 23 proteins, including hydrogenase expression/formation protein, purine-binding chemotaxis protein, and ribosomal protein S6, have not been reported in the previous proteome studies of H. pylori. Thus, these results demonstrate that the high complexity proteome components could be effectively separated using the narrow range IPG strips, which might be helpful to strengthen the contents of the master protein map of the H. pylori reference strain.
INTRODUCTION
Helicobacter pylori, a gram-negative spiral bacterium, was first observed in human gastric mucosa in 1982 by Marshall and Warren (22) . The discovery of H. pylori in the gastric mucosa has provided a new paradigm for understanding the pathogenesis and control of most gastric disorders including peptic ulcer and gastric cancers (5, 7, 13) .
Gastric mucosa with H. pylori challenges are destined to develop inflammatory responses resulting in accumulating reactive oxygen radicals which damage DNAs of gastric tissues to lead pathological events. Although the severity of gastric diseases caused by H. pylori varies from asymptomatic to ulcerative or malignant (3, 8) , most H. pylori infec-203 tions cause only benign subclinical symptoms and do not progress to serious diseases (27, 28) . Since more than half of the world's population suffers from H. pylori infection (3, 6, 31) , gastric diseases caused by H. pylori infection might be the most common human disorders.
Genome sequencing of H. pylori strains has been initiated for delving into their biochemistry and metabolism, which may provide novel drug targets for the development of monotherapies against H. pylori. The entire genome sequences of H. pylori strains 26695, J99, HPAG1 have been reported (1, 26, 32) . The accumulation of genomic information, combined with advances in protein separation and identification techniques, has advanced the technology of proteomics (17) . High-throughput two-dimensional electrophoresis (2-DE) displays and the identification of the entire protein complement of the genome expressed in an organism can lead to the identification of disease-specific markers or virulent strains of pathogenic bacteria (9) . The proteome components of H. pylori have been investigated to identify functionally active genes, subcellular proteins, disease-specific proteins, and immunoreactive proteins. The genome of H. pylori has been determined to contain about 1,590 open reading frames (ORFs) (1, 26, 32) . Up to date, more than 250 have been identified to list as proteome components of H. pylori (4, 10, 18, 20, 21, 23, 29, 33) , revealing more intensive exploration needed to construct proteomic information of H. pylori. Actually, most spots appeared so crowded in the region of pI 4.5~8.0 that they were inseparable in 2-DE using the broad range IPG strip. Therefore, a part of spots in the region of pI 4.5~8.0 should be separated for proteomic analysis, which has been one of the bottlenecks to construct the master proteome map of H.
pylori.
Now, the narrow range IPG strips have been commercially available to widen the crowded region of pI 4.5~8.0.
Here, 4 kinds of narrow range IPG strips covered from pI 3.9 to 8.3 were subjected to analyze proteome components of H. pylori strain 26695. We found that the narrow range 2-DE of H. pylori whole cell protein was useful to separate close spots as well as to detect low abundant proteins resulting in strengthening the contents of the master proteome map of the H. pylori.
MATRIALS AND METHODS

Bacterial strain and culture conditions
H. pylori strain 26695 was supplied by the H. pylori Korean Type Culture Collection (Gyeongsang National University School of Medicine, Jinju, Korea). The frozen H. pylori were thawed and grown on brucella agar plate containing 10% bovine serum, vancomycin (10 µg/ml), nalidixic acid (25 µg/ml), and amphotericin B (1 µg/ml) at 37℃ under 10% CO 2 and 100% humidity. After 18 h of culture, the bacterial mass was collected, determining by microscopic observation using Gram staining that most of the cells showed a typical curved shape.
Two-dimensional electrophoresis and image analysis
Two-dimensional electrophoresis (2-DE) sample preparation was carried out as described previously (10) . Cultured cells were lysed using a buffer containing 9. glycerol, 2% DTT, and 0.01% bromophenol blue. The strips were equilibrated again with the same buffer supplemented with 2.5% iodoacetamide. The second dimension SDS-PAGE was carried out overnight at 20 mA per gel using a 12.5% separating polyacrylamide gel. The resolved protein spots on the gels were visualized by silver staining and scanned using a Fluor-S MultiImager (Bio-Rad).
Destaining and in-gel digestion of protein spots
The silver-stained spots were excised from the 2-DE gels and transferred into microcentrifuge tubes. The spots were destained with fresh chemical reducers in a 1:1 ratio of 30 mM potassium ferricyanide and 100 mM sodium 
Matrix assisted laser desorption ionization-time of flight-mass spectrometry (MALDI-TOF-MS)
For the matrix solution, α-cyano-4-hydroxycinnamic acid (40 mg/ml) was dissolved in 50% acetonitrile and 0.1% TFA. The matrix and sample solutions (2 µl each) were mixed and loaded into the target wells, rapidly dried, and washed using deionized water. The wells were dried for 10 min at room temperature and subjected to MALDITOF- Figure 2 . The composite profile of the whole cell proteins of H. pylori strain 26695 resolved in the 2-DE using the narrow pH range IPG strips. The whole cell proteins of H. pylori strain 26695 was subjected to 2-DE using IPG strips of 3.9~5.1, 4.7~5.9, 5.5~6.7, and 6.3~8.3 ranges, the gels were visualized with silver staining. The 4 kinds of images were taken up and analyzed with PDQUEST software, and excluded with the overlapping zones of each right and left termini, and then combined by PHOTOSHOP software to generate the composite one ranged from pI 3.9 to pI 8.3. The marked protein spots have been identified and listed in Table 1 . Here, the narrower is the pH range of the strip, the higher resolution does the spots profile show in which the resolution and the number of spots are improved. HtpG spot appears in the gel of narrow pH strips but did not in otherwise. (Fig. 2) . Fig. 3 represented actual examples in which the narrower had the pH range of the strip, the higher resolution did the spots profile show. Therefore, the narrow range IPG strips made close spots become further apart from each other as well as weak spots hidden by strong spots appear to be independent spots.
Peptide mass fingerprinting and protein identification
As shown in Fig. 2 , the silver-stained spots generated by 2-DE using the narrow range IPG strips were numbered, excised, destained, and followed by in-gel digestion using trypsin for peptide fingerprinting. The mass of the resulting peptide mixtures was measured by MALDI-TOF-MS.
Among the all represented proteins spots processed, proteins expressed by 87 genes were identified as shown in Table 1 .
Of them, 64 proteins like urease beta subunit, 60 kDa chaperonin, and alkyl hydroperoxide reductase had been identified in the previous studies (4, 10, 18, 20, 21, 23, 29, 33) .
And 23 proteins that have not been reported in the previous proteome studies of H. pylori could be identified like hydro- pylori. In this study, high complexity region (pI 4.5~8.0) was separated by using the narrow IPG strips (Fig. 1) . As result, the distances between spots were widened and total number of detectable spots was increased when compared with previous investigations. And with removing the overlap regions of right and left termini, images of narrow range IPG gels were combined to the composite gel by using PDQUEST and PHOTOSHOP software (Fig. 2) .
Comparison of images obtained from 3~10, 5~8, and 4.7~5.9 pH strips demonstrated that the narrow range IPG strips made the distance among nearby spots widen and spots hidden by the large spots appear (Fig. 3) . These results will be helpful to strengthen the purity of picked spots to the quality enough for protein identification and to find low abundant spots. Proteins expressed by 87 genes could be identified from spots displayed in the narrow range pH IPG strips, of which 23 proteins had not been reported by other investigations (Fig. 2 , Table 1 ) (4, 10, 18, 20, 21, 23, 29, 33) .
Eight of newly identified proteins were of unknown function and 6 were associated with cellular processes and signaling, 6 with metabolism, and 3 with information storage and processing. Especially, RecA protein (HP0153) was known to be the central components of homologous recombination machinery and of the SOS system in most bacteria. The
RecA protein of H. pylori has likewise been shown to be necessary for DNA repair (12) . UDP-glucose pyrophosphorylase (HP0646) catalyzes the synthesis of UDP-glucose.
UDP-glucose was known to be an essential metabolite in almost all cellular processes in living organisms and to be an essential protein for virulence in various Gram-negative bacteria (13).
In conclusion, the whole cell proteins of H. pylori strain 26695 were displayed using the narrow IPG strips and then identified by peptide fingerprints. This investigation showed that the narrow range IPG strips might contribute to strengthen the contents of master proteome map of the H. pylori reference strain.
